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Abstract 
Tocopherols and tocotrienols are groups of soluble lipid compound summarized under the term vitamin E. Naturally, 
vitamin E comprises of tocopherols and tocotrienols which constitute the majority of vitamin E. Tocopherol is composed 
of eight vitamers, namely: -, -, -, and -, while their four corresponding unsaturated congeners tocotrienol consist of -, 
-, -, and - respectively. In this study, tocotrienols together with tocopherols was detected and analyzed from rubber 
tree’s latex. Three different rubbers Latex Timber Clone (LTC) of RRIM 2012, RRIM 2025 and RRIM 2026 were used as 
study samples. Vitamin E extraction from fresh latex was performed using lipid extraction method using chloroform 
(CH3Cl) and methanol (CH4) with the ratio 5:1. For characterization, UV-Visible Spectrophotometer (UV-Vis) and 
Normal Phase High Performance Liquid Chromatography (NP-HPLC) were used. From the findings, there were four 
vitamin E isomers that are naturally present in this clone rubber latex, namely -tocopherol, -tocotrienol, -tocotrienol 
and -tocotrienol. This study also found -tocotrienol as the most abundant molecular variant of vitamin E in Hevea latex, 
while RRIM 2012 contain the highest yield of vitamin E of the LTC series. 
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Investigation on vitamin E from Hevea latex source was first reported in mid 1960s by Whittle et. al, 
which found the presence of free and esterified tocotrienols in Hevea Latex. Numerous investigations of 
vitamin E in rubber, managed to isolate a large amount -tocotrienol from Hevea latex [1]. 
In 1965, Hasma and Subramaniam reported the presence of -, -, -tocotrienols in RRIM 501 latex [2]. 
Roslinda Sajari in 2005 on the other hand claimed that latex vitamin E consisted of almost exclusively 
tocotrienols for RRIM 600 clones [3]. There was no extensive study however, to determine the presence of 
tocotrienols and tocopherols in new rubber clones, especially the Latex Timber Clones (LTC) series.  
In this study, detection of vitamin E in Hevea latex of LTC, new clone developed by Rubber Research 
Institute Malaysia (RRIM) in order to find any added values.  
2. Literature review 
In the year 2000, Ong reported that one of the important factors that could affect the properties of raw 
natural rubber is the clonally origin of the rubber tree. Thus, it is important to develop and select rubber 
clones that can produce high latex yield and the desired additional properties before planting [4]. In recent 
development, there is an increasing demand for rubber wood, which leads to selecting clones that has both 
high yields of latex and timber. 
Natural rubber derived from Hevea latex contains 4% to 5% non-rubber substances comprising of proteins, 
lipids, amines, and carbohydrates [4]. Hevea latex vitamin E was first reported in mid 1960s by Whittle et al, 
which found the presence of free and esterified tocotrienols in Hevea latex using thin layer chromatography. 
A year later, they managed to isolate a large amount -tocotrienol. Ho et al, and Hasma et al, later further 
found the presence of tocopherol, and tocotrienol in Hevea latex [1, 4].  
In the year 2005 Roslinda Sajari from Malaysian Rubber revealed that latex Vitamin E is almost entirely 
tocotrienols which is a very valuable asset [3]. In the field of cancer chemotherapy, tocotrienols have been 
shown to display better anti-tumor activity than -tocopherol [5]. The chemical structure for tocopherol and 
tocotrienol is as shown by Figure 1, comprises of the chromanol head and the phytyl tail. The phytyl tail will 
determine tocopherol or tocotrienol, while substituted R1 and R2 will determine the -, -, -, and - vitamers. 
The prior mentioned factor drives the growing interest of this study to determine Vitamin E yield in LTC 
series. LTC are classified in Group II in Planting Recommendation published by the Malaysian Rubber Board 
that includes clones selected in small scale clone trials based on five years yield record, and their 
performances in different climate, soil, and disease environment [4].  
 
Fig. 1. Structure of Tocopherols and Tocotrienols 
3. Research methodology 
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3.1. Reagents 
Tocopherols standard were purchased as isomer kits from Sigma Aldrich (USA) and tocotrienols from 
Davos Life Sciences (Singapore). HPLC grade n-hexane, 2-propanol, chloroform, toluene, di-ethyl ether, 
acetic acid and methanol were obtained from Merck (Damstadt, Germany); magnesium sulphate (anhydrous) 
and sodium chloride were obtained from Sigma Aldrich (USA); triton-X 0.1% was purchased from 
PROMEGA and crystal iodine from Merck (Damstadt, Germany). Double-distilled deionised water was 
obtained from Milli-Q Integral Water Purification System (Millipore). All solvents used in this experiment 
were HPLC grade from Merck Chemical. 
3.2. Instrumentation 
Ultraviolet-visible Spectrometer (Lamda 35, Perkin Elmer, USA) was used to scan the peak for qualitative 
measurement of tocopherol and tocotrienol. The samples obtained were scanned at UV-Vis wavelength from 
200 to 350 nm. Normal Phase HPLC with fluorescence detector, Waters 600 HPLC (Waters Corp Miliford 
USA) was used for quantification.  
3.3. Sample Preparation 
The study involved sampling and analyzing fresh latex from three identified LTC clone. Fresh latex was 
obtained by tapping from matured stimulated tress of RRIM 2000 series located in research plantation area  
of Sungai Buloh Experimental Station, Malaysian Rubber Board. After tapped, fresh latex was preserved 
immediately in a cold ice boxes before proceeding with extraction steps.  
Lipid or vitamin E in latex was extracted using lipid extraction method based on Roslinda Sajari et. al [3]. 
In this method, detergent, Triton-X was added to a final concentration of 0.1%. The addition of latex and 
detergent were extracted by drop-wise addition of latex to five volumes of chloroform/methanol (2:1, v/v) 
mixture. The coagulated rubber was washed with 0.58% NaCl solution. The samples were left overnight for 
separation. The bottom layer was collected followed by addition of anhydrous magnesium sulphate. The 
filtrate obtained were collected and dried on a rotary evaporator under reduced pressure until completely dry 
before dilution with known amount of n-hexane. 
3.4. Preparation of Standard for UV-Vis 
The standard stock solution at 100 μg/mL concentration was prepared by dissolving each standard isomer 
in n-Hexane. The working standard solutions of 5, 10, 15, 20 and 25 μg/mL were prepared daily in the same 
solvent. All solutions were protected against light with aluminium foil and maintained at 4°C to reduce 
degradation. 
4. Results and discussions 
4.1. UV-Visible Spectrophotometer Analysis 
Vitamin E isomers ( -tocopherol, -tocotrienol and -tocotrienol in n-hexane) and LTC samples were 
scanned at UV-Vis wavelength from 200 to 350 nm. The UV spectrum gave two shouldered peaks with 
maximum wavelengths at 205 and 295 nm, respectively which are represented by Figures 2 and 3. The UV–
Visible spectra of the extracted samples were in the ranged of the standard spectra obtained. The best 
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absorbance of UV–Visible spectra is found at 205 nm. 
In this UV-Visible method, the amplitude of the signal of derivative spectra was greater, the peak shape 
was well defined, and the separation of the shouldered peaks was better. In order to quantify the samples, UV 
absorptions using diode array detector at wavelength 205nm for HPLC was used.  
 
 
 
 
 (a)                                                                (b) 
 
 
Fig. 2. An overlay of UV-visible spectra of LTC samples with standard vitamin E isomers. (a): -tocopherol, (b): -tocotrienol, 
 ------Standard, -----RRIM 2012, -----RRIM 2025, -----RRIM 2026 
 
  
                                                             (c)                                                                     (d) 
 
 
 
 
Fig. 3. An overlay of UV-visible spectra of LTC samples with standard vitamin E isomers. (c): -tocotrienol, (d): -tocotrienol, 
 ------Standard, -----RRIM 2012, -----RRIM 2025, -----RRIM 2026 
4.2. High Performance Liquid Chromatography (HPLC) Analysis 
In this study, separations of four vitamin E isomers that have been reported in rubber lipid were 
investigated on normal-phase HPLC [3]. The mobile phase consisted of 99.8% n-hexane and 0.2% 2-propanol 
was used as the modifier mixture.  
4.3. Separation and Quantification of Vitamin E Isomers by NP-HPLC 
Based on the standard chromatograms obtained in this study as shown in Figure 4, it was observed that the 
elution order for vitamin E isomers in Hevea latex were in the following order: -T  -T3   
-T3  -T3. The isomers with the lowest polarity were eluted first followed by the isomers with higher 
polarity [7].  
In normal-phase separation mechanism, differential adsorptive interactions between analyte and solutes 
and a silica-based stationery phase during chromatographic processes result in the separation of compound 
interest [9]. The normal-phase column provided separation based on the number as well as the position of 
methyl substituent on the chromanol moiety. Hence, the NP-HPLC separations confirm that the polarity of the 
tocopherol and tocotrienol isomers decrease with increased number of methyl groups [8].  
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Fig. 4: Standard chromatogram of Vitamin E isomers (Peaks: 1- -tocopherol, 2-  -tocotrienol, 3-  -tocotrienol, 4-  tocotrienol). 
4.4. Standard Calibration Method for NP-HPLC 
Standard calibration curves of area versus concentrations amount (ppm) were constructed with the 
concentration in the range of 6-100 ug/mL. Correlation values obtained were at least 0.9992 and above. From 
Figure 5 obtained, the correlation coefficient values, R2 were close to 1 hence, the standard curve is a very 
close approximation to the actual values. 
 
 
 
 
 
 
 
  
  
 
 
 
 
 
 
Fig. 5: Calibration curves of peak areas versus concentration (ppm) of standard vitamin E isomers. (a) -tocopherol, (b) -tocotrienol, (c) 
-tocotrienol and (d) -tocotrienol 
4.5. Quantification of LTC samples  
The NP-HPLC system for the separation of vitamin E isomers is used as a separation and quantification 
technique for this study. The chromatogram is as shown by Figure 6. Figure 6(a), (b) and (c) shows a HPLC 
chromatogram of RRIM 2012, RRIM 2025 and RRIM 2026 using optimized separation conditions from 
previous study [3]. 
 
y = 3.92e6X + 7.41e5 
R2 = 0.9997 
y = 3.66e6X + 3.44e4
R2 = 0.9999 
R2 = 0.9997 
y = 7.39e6X – 1.71e7
y = 4.41e6X – 6.52e6 
R2 = 0.9999 
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Fig. 6: NP-HPLC chromatograms of LTC samples (a) RRIM 2012, (b) RRIM 2025, (c) RRIM 2026). Peaks: 1-  -tocopherol, 2-  -
tocotrienol, 3-  -tocotrienol, 4-  –tocotrienol 
Table 1 summarizes the results obtained from quantification study using NP-HPLC. All the samples were 
injected triplet times using the auto sampler systems. Errors of analysis for each triplet injection are obtained 
for each sample respectively. Based on results obtained, RRIM 2012 showed highest yield in vitamin E 
isomers with 76.32 ±1.20, followed by RRIM 2025 with 41.13 ± 0.19 and RRIM 2026 with 37.28 ± 0.61.  
Table 1:  Determination of tocopherols and tocotrienols in LTC series using NP-HPLC 
Samples Name                      Vitamin E Isomers                                     Total Vitamin E       
                                                        -T    -T3      -T3           -T3                            (ppm)                
 
RRIM 2012  0.24   18.68          50.76          6.64  76.32 ±1.20 
 
RRIM 2025  0.02     9.61     25.24         6.26  41.13 ± 0.19 
 
RRIM 2026  ND     6.44           25.44         5.41                   37.28 ± 0.61 
 
 *ND: Not detected 
5. Conclusion 
Separation of vitamin E isomers from Hevea Brasiliensis latex in LTC series was successful and the 
presence of vitamin E isomers in selected clones was showed. Four vitamin E isomers were obtained in Hevea 
latex of LTC series which are -T, -T3, -T3 and -T3. In this study, FT-IR identification of compounds by 
matching spectrum of unknown compound with reference spectrum of vitamin E isomers exhibited absorption 
band that corresponded to vitamin E spectrum. Quantification via UV-Visible spectrophotometer showed 
significance difference in production yield of tocopherols and tocotrienols.  
Gamma-tocotrienols was the most abundance molecular variant of vitamin E in Hevea latex of LTC series 
while alpha-tocopherols the least. The fact that latex vitamin E is almost entirely tocotrienols is a valuable 
asset in view of many health-promoting properties.  
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